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ABSTRACT: 

Purpose: The objectives of this mentored training research grant were to train the PI in the 
methods of implementation science and clinical decision support and to enable the development 
and testing of new tools for the neonatal intensive care unit (NICU) for prevention and timely 
recognition of necrotizing enterocolitis in fragile infants, especially CDS. 

Scope: An intervention called “NEC-Zero” was designed, in a stakeholder-engaged manner, to 
identify what best practices were evidence-supported and then to create a toolkit, including 
NEC-Zero CDS tools to enable their broad use. 

Methods: Guided by the Translating Research into Practice (TRIP) framework, three steps 
were undertaken to design and operationalize NEC-Zero. Step 1, the formalization of evidence 
with the NEC-Zero expert team was completed through online collaboration to complete a 
scoping review, assign GRADE criteria and propose implementation strategies. Step 2, 
workflow mapping of clinician interactions with the electronic health record to fit CDS, was 
completed in two NICUs in Arizona with clinician participants. An adherence score for NEC-Zero 
was validated separately and then incorporated into the CDS. 

Results: The evidence base was presented in the NEC-Zero scoping review in 2017 and the 
GRADE criteria were updated in 2019. Four core practices for NEC prevention included human 
milk prioritized feeding, use of standardized feeding protocols, antibiotic stewardship and risk 
awareness for timely recognition. Clinician workflow was defined and mapped for nurses and 
ordering providers (NNPs and MDs) separately. Content analysis yielded 2 process maps and 
technical recommendations, including a CDS dashboard. Development of the CDS was 
completed in a virtual space by defining the knowledge base, modeling the logic, framing and 
revising prototype interfaces and using a data parser to test the logic. Next steps include 
embedding the dashboard into a local implementation using SMART on FIHR and testing its 
impact on neonatal and CDS outcomes. 

KEY WORDS: 

Implementation science, neonatal intensive care, neonate, premature infant, clinical decision 
support, necrotizing enterocolitis, workflow 



 

 
  

 

 

 

 
  

 
 

 

 
  

 

  
 

  
  

 
 

  
 

  
 

 
 

 

 

 

 
 

      
 

 
 

PURPOSE 

In neonatal intensive care using clinical decision support, the focus of this career development 
proposal was to improve application of evidence-based practices for prevention and early 
recognition of necrotizing enterocolitis (NEC) among premature infants. 

SCOPE 

NEC is a catastrophic complication threatening the life of fragile premature infants, yet adoption 
of prevention and early recognition practices (e.g. preferential use of human milk; adoption of 
standardized feeding protocols; transfusion and antibiotics management) differ 
widely as do NEC rates. Parents play a key role in NEC prevention (e.g. providing mother’s own 
milk), but heretofore, have been insufficiently engaged as partners. Accounting for 20% of US 
NICU costs, NEC develops late in the hospital postnatal course and can strike suddenly but until 
now, no tools to guide early NEC recognition were available. 

Although decades have focused on unraveling its etiology, necrotizing enterocolitis (NEC) 
remains a chief threat to the health of premature infants. Both modifiable and non-modifiable 
risk factors contribute to varying rates of disease across neonatal intensive care units (NICUs). 
To this end, systematic focus on what actions can be taken to prevent NEC and support its early 
recognition were undertaken with the help of scientific, clinical, and parent experts. 
To address this need, a NEC risk decision rule, called GutCheckNEC was derived and validated 
by our team to accurately discriminate NEC. 

Integration of prevention practices into clinical workflow using clinical decision support (CDS) 
has been shown to improve adherence to recommended care across settings. This study’s goal 
was to fill a gap between the evidence and the actual practice, using practical tools- especially 
CDS to optimize adoption of NEC prevention practices. An intervention called “NEC-Zero” was 
designed, in a stakeholder-engaged manner, to identify what best practices were evidence-
supported and then to create a toolkit, including NEC-Zero CDS tools to enable their broad use. 

Step 1, the formalization of evidence with the NEC-Zero expert team was completed through 
online collaboration. Step 2, workflow mapping of clinician interactions with the electronic health 
record to fit CDS, was completed in two NICUs in Arizona with clinician participants. 
Development of the CDS was completed in a virtual space. 

A 20-person group of experts, the NEC-Zero team, were assembled to complete the scoping 
review. The group of expert stakeholders was selected in four steps.  First, a national group of 
clinical and research experts were invited because they had published significant research and 
EBP improvement work around NEC. Second, a group of parents who had been impacted by 
NEC were recommended by the president of the Preemie Parent Alliance. They were 
purposefully invited because of their role in formalized parent organizations which included the 
NEC Society (E.U.), Graham’s Foundation (L.M.), and Hand to Hold (T.C.). Third, a doctorally 
prepared Clinical Nurse Specialist from the implementation site invited physicians to participate 
as representatives of the target NICUs.  

For step 2, where clinician participants informed the workflow where CDS could be fit, 27 
participants across 2 sites and 12 focus groups were engaged (n= 11 RNs, n= 5 NNPs, n= 8 MDs, 
n= 1 RD, n= 1 Pharmacist, n= 1 Developmental Care Coordinator). 



 
 

 

 

 
 

 
 

 
 

 

 
 

 
  

 
 

 

 

   
  

 
 

 

 
 

 

  
  

  

  

METHODS 

Study Design. Several steps were undertaken to design and operationalize NEC-Zero. First, 
using the Translating Research into Practice (TRIP) framework, we classified scientific evidence 
and practice guidelines into four areas: 1) Feeding protocols and transfusion, 2) promoting 
human milk, 3) early recognition, and 4) medication stewardship.  Over 6 months, the team was 
divided into sub-groups to answer 5 key questions addressing the 1) strength of the evidence, 
2) barriers and challenges to implementing the evidence, 3) recommendations for practice, 4) 
ways to involve parents and 5) key implementation components to address. A scoping review 
methodology was used to answer the key questions and participants identified implementation 
strategies and means to overcome barriers to implementation.  Evidence and recommendations 
were evaluated using the GRADE criteria. In step 2, workflow mapping was completed using 
qualitative description methodology to create workflow maps from data collected during focus 
groups. In step 3, the CDS for NEC-Zero was designed in multiple steps including: defining the 
knowledge base, modeling the logic, framing and revising prototype interfaces and using a data 
parser to test the logic. 

Data Sources/Collection.  In step 1 where the NEC-Zero team completed the scoping review 
to determine the best evidence to support the eventual toolkit and CDS, the 20-person team 
was divided into four subgroups. Each subgroup included a multi-disciplinary group and a 
parent representative. They reviewed evidence from 11 position statements and 71 research 
publications. Discussion about the evidence yielded 29 actionable recommendations and 
guidance on implementation strategies. Evidence was very strong for promoting human milk 
and using a feeding protocol. Moderate quality of evidence supported avoiding antibiotics 
beyond 4 days if the initial blood culture is negative and avoiding histamine-2 antagonists. 
Evidence is lacking on early recognition approaches although 3 tools were identified to support 
consistent communication when NEC was suspected. Parents recommended how to engage 
others from diverse groups specifically by guiding on what information to share, when, how, and 
by whom. Clinician perspectives on “not scaring parents” by giving them too much information 
about NEC were refuted by parent perspectives that “they should know the risk.” Clinicians and 
parents advised on content for two brochures, a website, and messaging strategies. 

In step 2, workflow mapping, focus groups were conducted in two NICUs. NICUs included: 1) an 
86 bed level IV unit (per American Academy of Pediatrics NICU classifying criteria) in a non-
academic medical center, and 2) a 30 bed level III unit in an academic medical center. Both 
units had facilities to conduct surgery and pediatric subspecialists available; used neonatal 
nurse practitioners (NNPs) as NICU providers; and were affiliated with the same non-profit 
health system. Across six focus groups, 27 clinicians participated. Clinicians included NICU 
nurses (37%), physicians (30%), NNPs (19%) and other NICU staff (16%). The average number 
of years of NICU experience was 16.4.  

Interventions. The NEC-Zero intervention includes four evidence-based facets that were 
deemed by stakeholders to be supported by the best evidence and the least controversy: 1) 
preferential human milk feeding (proportion of total feeding > 50%) beginning with colostrum for 
oral care; 2) adoption of a unit-approved standardized feeding protocol; 3) stewarding 
medications particularly restricting culture-negative empiric antibiotics to < 5 days and avoiding 
histamine-2 antagonists, and 4) adopting a unit-based approach to early recognition using one 
of the available risk scoring tools. Withholding feedings during packed red blood cell transfusion 



 
  

 

 
   

 
 

 
 

 

 
 

 

 
 

  

     
     

        
    

    
 
 
 
 

     
  

       
 

        
 

  
 

was considered, but evidence was found to be inconclusive and it was not included in the multi-
faceted intervention. The CDS for NEC-Zero is presented below. 

Measures. During the scoping review, the GRADE criteria were applied to determine the level 
of evidence and strength of recommendation. Experts agreed that clinicians intending to use 
NEC-Zero practices are likely familiar with the methods for classifying evidence and grading 
recommendations that are used by UpToDate, specifically the GRADE criteria. The GRADE 
approach was then used to classify the strength of recommendations and balance the risks, 
benefits, burden of implementation, cost and confidence in the evidence. In step 2, an interview 
guide was used to conduct the focus groups. 

RESULTS 

Principal Findings 

For step 1, principal findings were that NEC prevention practices were available, and evidence 
supported. Because in 2016, the preventability of NEC was somewhat controversial, two 
intermediary studies were conducted with support from Robert Wood Johnson Foundation to 
quantify an adherence score for NEC prevention that could be embedded in the CDS and then 
to identify the relationship of adherence to NEC prevention to NEC rates in US NICUs. The 
adherence score was later incorporated into the CDS dashboard to enable the clinician to view 
how adherent an individual infant’s care was to prevention practices and to view NEC risk in that 
context. 

In step 2, emergent themes in the workflow of early recognition of NEC were identified that 
addressed clinical processes to: 1. Identify NEC signs, 2. Interpret signs, 3. Communicate signs 
and notify (or receive notification) of NEC concern, 4. Address social system influences, and 5. 
Adapt to practice variations. Findings also suggest that social systems and structures within 
NICUs such as clinician hierarchies and confidence influence timeliness of care and increase the 
risk of failure to rescue. Content analysis yielded 2 process maps and many technical 
recommendations to support clinicians’ needs for EHR data visualization via a CDS dashboard. 
Current state requires them to hunt and peck for data and they were asking for: 1) a NEC-relevant 
data rich dashboard to support nutrition tracking and NEC early recognition, 2) CDS support 
features, 3) Breastmilk tracking and administration, 4) Tools for surveillance and quality reporting 
informed by NEC-relevant indicators, and 5) Local IT optimizations. 
In step 3, CDS development, the original plans to embed the NEC-Zero recommendations as 
alerts and reminders were overthrown by clinician concerns about over-alerting and a lack of 
willingness by the organization to embed CDS for NEC in such a way. So the CDS was 
reconceptualized as a clinical dashboard that could be embedded as a SMART on FIHR 
technology or accessed via a CDS hook in the future. 



 

 

 

Figure 1. Workflow map for Provider Decision-Making for NEC Recognition  

Outcomes 

The full scoping review and the NEC-Zero toolkit elements are listed in the publications and 
products  
section. 
The NEC-
Zero parent 
group was  
adamant 
that parent 
education 
tools were 
needed 
and that 
they  
needed to 
be widely  
accessible. 
The NEC-
Zero 
website 



 
 

  
  

 

 

 

 

 

 
   

  
  

 
  

 
  

 
 

 
    

 
 

was designed and launched after several rounds of iterative usability testing (see 
https://neczero.nursing.arizona.edu/). Pamphlets for parents were designed and evaluated by 
parents and clinicians, refined, and translated into Spanish, evaluated for adequacy of 
translation and posted to the website. Tools for clinicians include the GutCheckNEC risk score, 
a structured communication tool for NEC concern (SBAR), an Avoiding NEC checklist and other 
tools. Since 2017, the website has been broadly accessed and nearly 8,000 visitors have 
downloaded the tools. 

Figure 2. NEC-Zero Website Usage since 2017 

One product of engaging with parent stakeholders was coordination with the NEC society, to 
produce a parent engagement video, “Necrotizing enterocolitis and the importance of 
collaborative care”, which is universally accessible at https://youtu.be/U7vD8v31zb0. 

NEC-Zero Clinical Decision Support Development Key Outcomes 
o NEC-Zero Knowledge Bases: The logic for these artifacts is encoded using the open-

source Drools expression syntax but utilize/reference HL7 FHIR data models and 
standardized terminologies such as SNOMED. The analytics behind the 
demonstration platform are driven by these knowledge bases. 

o NICU Data Generation Tool: This tool is composed of two parts: a) a spreadsheet for 
defining and auto-generating realistic EMR data for a NICU patient, and b) a parser 
that reads the data, creates corresponding EMR entries using the correct FHIR 
resources and terminologies, and stores them in the demonstration system 
database. This tool creates patient records that generate the analytic results needed 
to illustrate different use cases. 

o Prototypic EMR: This open-source web portal represents any number of EMR clients 
in existence today, e.g. Cerner’s Power Chart. The portal provides the framework for 
demonstrating how GutCheckNEC knowledge bases analyze clinical data and 
generate alerts, how such recommendations can be integrated into bedside 
workflow, and how for illustrating the value of standardized-based CDS. The 

https://youtu.be/U7vD8v31zb0
https://neczero.nursing.arizona.edu


   
 

 
 

  

 
 

 

 

  
 

       
    

  
 

 

 
 

 

delivered portal includes Cognitive’ s CDS “drawer”, a dynamic and interactive tool 
that displays the results of the analytics performed, and our enhanced flowsheet 
control, that similarly embeds analytic work product within EMR screens used for 
displaying I&O, vitals, or other clinical data. 

o GutCheckNEC Documentation Tool: This EMR module enables a user to instance a 
new GutCheckNEC form, complete and store the assessment, score the form, and 
use the results for calculating process adherence scores. 

Logic Modeling 

NEC-Zero clinical recommendations were broken into definable logic and workflow decision 
points were identified through iterative discussion. CDS alerts were designed to target the most 
relevant decision-maker in the flow of their decision-making workflow. Plans were made to 
escalate alerts to other healthcare team members when ignored and log for quality review. Eight 
CDS logic sets address: 1) stopping empiric antibiotics by day 5 of treatment; 2) avoidance of 
antacids; 3) feeding guidelines by birth weight; 4) holding feeding during transfusion; 5) risk 
awareness with feeding intolerance algorithm; 6) early initiation of lactation support and colostrum 
for oral care; 7) human milk tracking; and 8) NEC risk awareness in the presence of NEC clinical 
signs. 

Interface Design for NEC-Zero SMART on FHIR 

Using technical requirements identified by the focus groups, a SMART on FHIR App is in 
development that integrates NEC recognition with workflow support for prevention adherence. 
Using a CDS hook, it can be linked to from within the EHR and is agnostic to EHR system. 
Features address tracking of breastmilk administration, nutrition details, NEC risk scores and 
processes for prevention using a validated adherence score, visible by individual, group or 
population. 



 
  

 

  

 
   

 
  

 
 

     
  

 
 

 

 

Figure 3. NEC-Zero Dashboard Incorporating Prevention Adherence and Risk Profiling 

Discussion 

Improving early recognition of NEC requires closing the gap between recommended care and 
existing practice. Sociotechnical influences may act as barriers to recommended practices, 
leading to gaps in care. Identification of NICU workflows illuminate areas of decision-making 
and interpretation that were used to inform a NEC-Zero CDS tool, using descriptions of how 
clinicians currently use information and the EHR to prevent and detect NEC. Other researchers 
have found that CDS should be dependent on a specified provider workflow and should be 
situation-specific to affect behavior change. Although different clinicians take different steps and 
make decisions at different points within care delivery, they all felt that a single dashboard could 
support their thinking and enhance communication. By accounting for clinicians’ workflow and 
processes, we are able to inform, develop, and refine NEC-Zero CDS. Because of low 
readiness, the initial intent to embed the CDS in a local EHR using alerts and reminders was not 
met. Technical barriers also became an issue as the organization who had initially wanted to 
implement the CDS, had other urgent priorities. To enable broad use of the CDS, we designed it 
to interoperate across EHRs using the SMART on FIHR approach but then found that the 
organization was not ready, during the project period, to adopt the app. We are continuing to 
refine it and look for partners to implement it.  

Conclusions 



 
 

  

 

  
 

 
 

 

   
 

  

  

 

 
 

 

 
 

  
 

 

 

  

 
 

 
 

 
 

 
 

  
 

In this study, we defined a knowledge base for NEC-Zero CDS, identified technology 
requirements for NEC CDS design to support clinician decision-making and developed one-stop 
visualization of NEC related data in the NEC-Zero dashboard. 

Significance 

NEC avoidance is a continuing goal of NICUs in the US and internationally, because it can kill 
babies or leave them with lifelong health consequences. In complex care environments, NICU 
clinicians continue to need timely and effective decision-support to make their use of evidence 
efficient and consistent. Tools for bedside providers to evaluate outliers and identify probable 
causes for suboptimal quality are similarly lacking. At the individual case level, accessing and 
reviewing disease specific data is often a "hunt and peck" exercise requiring the provider to 
jump from one EMR section to another to aggregate and memorize relevant data for further 
analysis. Little to no support is provided by the EMR to automate such tasks and rarely is any 
assistance available to graph or visual the aggregate in ways that highlight common data 
patterns indicative of conditions known to be contributory. Similarly, identifying trends in cohorts 
of patients is typically a task assigned to data analysts and statisticians despite the fact that the 
techniques employed by such experts are often routine, predictable and amenable to 
automation. The NEC-Zero tools were designed to support team-based and widespread 
adoption of NEC prevention in ways that engage families and make best practices repeatable. 
The NEC-Zero CDS dashboard holds promise to improve adherence and enable more 
consistent risk awareness for NEC. 

Implications 
In the years since this project began, the prevailing beliefs among clinicians about NEC 
preventability have drastically shifted. NEC-Zero has provided synthesized and vetted evidence 
reviews and tools for clinical use to close the gap between recommended and actual care. 
Nearly 8,000 downloads from the NEC-Zero site demonstrate that the tools are being accessed 
and used. Next steps will continue to refine and implement the NEC-Zero CDS. Because it was 
built in a platform-agnostic manner, once sites are ready to adopt SMART on FIHR or CDS 
hooks, we are confident that its use will increase. A continuing program of research will 
investigate its impact on clinical care processes and neonatal outcomes across sites and 
contexts. 

PUBLICATIONS AND PRODUCTS 

Publications  (** Denotes product of K08 research, others are outcomes of training support) 

1: Carrington JM, Gephart SM, Verran JA, Finley BA. Development of an Instrument to 
Measure the Unintended Consequences of EHRs. West J Nurs Res. 2015 Jul;37(7):842-58. doi: 
10.1177/0193945915576083. Epub 2015 Mar 22. PMID:25802062. 

2: Payne TH, Hines LE, Chan RC, Hartman S, Kapusnik-Uner J, Russ AL, Chaffee BW,Hartman 
C, Tamis V, Galbreth B, Glassman PA, Phansalkar S, van der Sijs H, Gephart SM, Mann G, 
Strasberg HR, Grizzle AJ, Brown M, Kuperman GJ, Steiner C, Sullins A, Ryan H, Wittie MA, 
Malone DC. Recommendations to improve the usability of drug-drug interaction clinical decision 
support alerts. J Am Med Inform Assoc. 2015 Nov;22(6):1243-50. doi: 10.1093/jamia/ocv011. 
Epub 2015 Mar 30. PMID: 25829460. 



 
  

 
 

  
 

 
 

 
 

 
 

  

 
 

  
 

 
 

 
  

  
 

 
   

 
 

   
  

 
 

   
 

 
 

  
  

 
 

 
 

 
 

 
 

 
 

 

3: Vincent D, Hastings-Tolsma M, Gephart S, Alfonzo PM. Nurse practitioner clinical decision-
making and evidence-based practice. Nurse Pract. 2015 May 15;40(5):47-54. doi: 
10.1097/01.NPR.0000463783.42721.ef. PMID: 25882453. 

4: Hartley KA, Miller CS, Gephart SM. Facilitated tucking to reduce pain in neonates: evidence 
for best practice. Adv Neonatal Care. 2015 Jun;15(3):201-8. doi: 
10.1097/ANC.0000000000000193. PMID: 26002861. 

5: Price LE, Shea K, Gephart S. The Veterans Affairs' Corporate Data Warehouse: Uses and 
Implications for Nursing Research and Practice. Nurs Adm Q. 2015 Oct-Dec;39(4):311-8. doi: 
10.1097/NAQ.0000000000000118. PMID: 26340242. 

6: Gephart S, Carrington JM, Finley B. A Systematic Review of Nurses' Experiences with 
Unintended Consequences When Using the Electronic Health Record. Nurs Adm Q. 2015 Oct-
Dec;39(4):345-56. doi:10.1097/NAQ.0000000000000119. PMID: 26340247. 

7: Gephart SM. Fostering Best Practice: Strategies for Writing Evidence-Based 
Practice Briefs. Adv Neonatal Care. 2015 Oct;15(5):299-306. doi: 
10.1097/ANC.0000000000000222. PMID: 26402560. 

**8: Gephart SM, Martin LB, Kijewski A, Johnson SR. Joseph's Story: A Case Study of Late-
Onset Necrotizing Enterocolitis from Early Birth to Recovery. J Perinat Neonatal Nurs. 2015 
Oct-Dec;29(4):345-55. doi: 10.1097/JPN.0000000000000137. PMID: 26505849. 

9: Burca ND, Gephart SM, Miller C. A Nurse's Guide to Promoting Breast Milk Nutrition in 
Infants with Cleft Lip and/or Palate. Adv Neonatal Care. 2016 Oct;16(5):345-346. doi: 
10.1097/ANC.0000000000000308. PMID: 27533334. 

10: Gephart SM, Bristol AA, Dye JL, Finley BA, Carrington JM. Validity and Reliability of a New 
Measure of Nursing Experience with Unintended Consequences of Electronic Health Records. 
Comput Inform Nurs. 2016 Oct;34(10):436-447. doi:10.1097/CIN.0000000000000285. PMID: 
27551947. 

11: Burca ND, Gephart SM, Miller C, Cote C. Promoting Breast Milk Nutrition in Infants with 
Cleft Lip and/or Palate. Adv Neonatal Care. 2016 Oct;16(5):337-344. doi: 
10.1097/ANC.0000000000000305. PMID: 27611021. 

12: Quinn M, Gephart S. Evidence for Implementation Strategies to Provide Palliative Care in 
the Neonatal Intensive Care Unit. Adv Neonatal Care. 2016 Dec;16(6):430-438. doi: 
10.1097/ANC.0000000000000354. PMID: 27775989. 

13: Gephart SM, Fleiner M, Kijewski A. The ConNECtion Between Abdominal Signs and 
Necrotizing Enterocolitis in Infants 501 to 1500 g. Adv Neonatal Care. 2017 Feb;17(1):53-64. 
doi: 10.1097/ANC.0000000000000345. PMID: 27754992. 

14: Dunn Lopez K, Gephart SM, Raszewski R, Sousa V, Shehorn LE, Abraham J. Integrative 
review of clinical decision support for registered nurses in acute care settings. J Am Med Inform 
Assoc. 2017 Mar 1;24(2):441-450. doi: 10.1093/jamia/ocw084. PMID: 27330074; PMCID: 
PMC7651925. 

https://10.1097/01.NPR.0000463783.42721.ef


 
  

 
  

 
 

 
  

  
 

 
 

  
  

   
 

 
  

  
  

 
 

 
 

 
 

  
  

 
 

 
  

 
 

   
  

 
 

 
    

  
 

 
 

 
  

 
 

 
 

15: Gephart S, Lanning Lowther LC. Necrotizing enterocolitis: Battling an enigma. JAAPA. 2017 
Aug;30(8):8-9. doi: 10.1097/01.JAA.0000521145.55572.ae. PMID: 28682825. 

16: Quinn JM, Sparks M, Gephart SM. Discharge Criteria for the Late Preterm Infant: A Review 
of the Literature. Adv Neonatal Care. 2017 Oct;17(5):362-371. doi: 
10.1097/ANC.0000000000000406. PMID: 28441153. 

**17: Gephart SM, Gordon PV, Penn AH, Gregory KE, Swanson JR, Maheshwari A, Sylvester 
K. Changing the paradigm of defining, detecting, and diagnosing NEC: Perspectives on Bell's 
stages and biomarkers for NEC. Semin Pediatr Surg. 2018 Feb;27(1):3-10. doi: 
10.1053/j.sempedsurg.2017.11.002. Epub 2017 Nov 6. PMID:29275814. 

**18: Gephart SM, Wyles C, Canvasser J. Expert consensus to weight an adherence score for 
audit and feedback of practices that prevent necrotizing enterocolitis in very low birth weight 
infants. Appl Nurs Res. 2018 Feb;39:182-188. doi: 10.1016/j.apnr.2017.11.021. Epub 2017 Nov 
6. PMID: 29422156. 

**19: Gadepalli SK, Canvasser J, Eskenazi Y, Quinn M, Kim JH, Gephart SM. Roles and 
Experiences of Parents in Necrotizing Enterocolitis: An International Survey of Parental 
Perspectives of Communication in the NICU. Adv Neonatal Care. 2017 Dec;17(6):489-498. doi: 
10.1097/ANC.0000000000000438. PMID: 29166294. 

**20: Gephart SM, Hanson C, Wetzel CM, Fleiner M, Umberger E, Martin L, Rao S, Agrawal A, 
Marin T, Kirmani K, Quinn M, Quinn J, Dudding KM, Clay T, Sauberan J, Eskenazi Y, Porter C, 
Msowoya AL, Wyles C, Avenado-Ruiz M, Vo S, Reber KM, Duchon J. NEC-zero 
recommendations from scoping review of evidence to prevent and foster timely recognition of 
necrotizing enterocolitis. Matern Health Neonatol Perinatol. 2017 Dec 18;3:23. doi: 
10.1186/s40748-017-0062-0. PMID: 29270303; PMCID: PMC5733736. [Accessed 5273 times, 
cited 26 times] 

21: Bristol AA, Nibbelink CW, Gephart SM, Carrington JM. Nurses' Use of Positive Deviance 
When Encountering Electronic Health Records-Related Unintended Consequences. Nurs Adm 
Q. 2018 Jan/Mar;42(1):E1-E11. doi:10.1097/NAQ.0000000000000264. PMID: 29194338. 

22: Gephart SM, Davis M, Shea K. Perspectives on Policy and the Value of Nursing Science in 
a Big Data Era. Nurs Sci Q. 2018 Jan;31(1):78-81. doi: 10.1177/0894318417741122. PMID: 
29235962. 

23: Dudding KM, Gephart SM, Carrington JM. Neonatal Nurses Experience Unintended 
Consequences and Risks to Patient Safety with Electronic Health Records. Comput Inform 
Nurs. 2018 Apr;36(4):167-176. doi: 10.1097/CIN.0000000000000406. PMID:29194056. 

**24: Gephart SM, Moore EF, Fry E. Standardized Feeding Protocols to Reduce Risk of 
Necrotizing Enterocolitis in Fragile Infants Born Premature or with Congenital Heart Disease: 
Implementation Science Needed. Crit Care Nurs Clin North Am. 2018 Dec;30(4):457-466. doi: 
10.1016/j.cnc.2018.07.003. Epub 2018 Oct 16. PMID: 30447806. 

25: Shea KD, Brewer BB, Carrington JM, Davis M, Gephart S, Rosenfeld A. A model to 
evaluate data science in nursing doctoral curricula. Nurs Outlook. 2019 Jan-Feb;67(1):39-48. 
doi: 10.1016/j.outlook.2018.10.007. Epub 2018 Nov 2. PMID:30553528. 

https://10.1097/01.JAA.0000521145.55572.ae


 
 

  
 

  
 

 
 

 
 

 
 

 
  

 
 

 
  

 
  

  
  

 
 

 
 

 
 

 
 
 

 
 

 
 

  
 

 
 

   

 
 

   
  

 
  

 

 

**26: Gephart SM, Newnam KM. Closing the Gap Between Recommended and Actual Human 
Milk Use for Fragile Infants: What Will It Take to Overcome Disparities? Clin Perinatol. 2019 
Mar;46(1):39-50. doi: 10.1016/j.clp.2018.09.003. Epub 2018 Dec 12. PMID: 30771818. 

**27: Wang J, Gephart SM, Mallow J, Bakken S. Models of collaboration and dissemination for 
nursing informatics innovations in the 21st century. Nurs Outlook. 2019 Jul-Aug;67(4):419-432. 
doi: 10.1016/j.outlook.2019.02.003. Epub 2019 Feb 11. PMID: 30876686; PMCID: 
PMC6679802. 

28: Menon U, Cohn E, Downs CA, Gephart SM, Redwine L. Precision health research and 
implementation reviewed through the conNECT framework. Nurs Outlook. 2019 Jul-
Aug;67(4):302-310. doi: 10.1016/j.outlook.2019.05.010. Epub 2019 May 30.PMID: 31280842. 

29: Caplan MS, Underwood MA, Modi N, Patel R, Gordon PV, Sylvester KG, McElroy S, 
Manzoni P, Gephart S, Chwals WJ, Turner MA, Davis JM; Necrotizing Enterocolitis Workgroup 
of the International Neonatal Consortium. Necrotizing Enterocolitis: Using Regulatory Science 
and Drug Development to Improve Outcomes. J Pediatr. 2019 Sep;212:208-215.e1. doi: 
10.1016/j.jpeds.2019.05.032. Epub 2019 Jun 22. PMID: 31235383. 

**30: Gephart SM, Quinn MC. Relationship of Necrotizing Enterocolitis Rates to Adoption of 
Prevention Practices in US Neonatal Intensive Care Units. Adv Neonatal Care. 2019 
Aug;19(4):321-332. doi: 10.1097/ANC.0000000000000592. PMID:30893097. 

31: Quinn JM, Gephart SM, Davis MP. External Facilitation as an Evidence-Based Practice 
Implementation Strategy During an Antibiotic Stewardship Collaborative in Neonatal Intensive 
Care Units. Worldviews Evid Based Nurs. 2019 Dec;16(6):454-461. doi: 10.1111/wvn.12413. 
Epub 2019 Dec 2. PMID: 31793196. 

**32: Gephart SM, Newnam K, Wyles C, Bethel C, Porter C, Quinn MC, Canvasser J, 
Umberger E, Titler M. Development of the NEC-Zero Toolkit: Supporting Reliable 
Implementation of Necrotizing Enterocolitis Prevention and Recognition. Neonatal Netw. 2020 
Jan 1;39(1):6-15. doi: 10.1891/0730-0832.39.1.6. PMID: 31919288. 

33: Knapp S, Kehring A, Stepp J, Calton CM, Gephart SM, Bandlamuri S, Boyle KE, Dietz GI, 
Johnson H, Romo RE, Spencer M, Bedrick AD, Halpern MD. Elevated Coefficient of Variation in 
Total Fecal Bile Acids Precedes Diagnosis of Necrotizing Enterocolitis. Sci Rep. 2020 Jan 
14;10(1):249. doi: 
10.1038/s41598-019-57178-0. PMID: 31937876; PMCID: PMC6959237. 

34: Dunn Lopez K, Gephart SM, Hershberger PE. Using Online Survey Software to Enhance 
Rigor and Efficiency of Knowledge Synthesis Reviews. West J Nurs Res.2020 Oct;42(10):838-
845. doi: 10.1177/0193945920904442. Epub 2020 Mar 4. PMID:32129156. 

35: Villa Zapata L, Hansten PD, Panic J, Horn JR, Boyce RD, Gephart S, Subbian V, Romero 
A, Malone DC. Risk of Bleeding with Exposure to Warfarin and Nonsteroidal Anti-Inflammatory 
Drugs: A Systematic Review and Meta-Analysis. Thromb Haemost. 2020 Jul;120(7):1066-1074. 
doi: 10.1055/s-0040-1710592. Epub 2020 May 26. PMID: 32455439; PMCID: PMC7665225. 

36: Villa Zapata L, Hansten PD, Horn JR, Boyce RD, Gephart S, Subbian V, Romero A, Malone 
DC. Evidence of Clinically Meaningful Drug-Drug Interaction with Concomitant Use of Colchicine 

https://Sep;212:208-215.e1


 
  

 
 

 
 

 
  

   
 

 
 

            
           

          

  

 
 

 

 

 

 

 

  
 

 

  
 

 
 

 
  

 

and Clarithromycin. Drug Saf. 2020 Jul;43(7):661-668. doi: 10.1007/s40264-020-00930-7. 
PMID: 32274687; PMCID: PMC7592308. 

37: Tolentino DA, Gephart SM. State of the Science of Dimensions of Nurses' User Experience 
When Using an Electronic Health Record. Comput Inform Nurs. 2020 Jul 27. doi: 
10.1097/CIN.0000000000000644. Epub ahead of print. PMID: 32732645. 

**38: Gephart SM, Underwood MA, Rosito S, Kim JH, Caplan MS. Grading the evidence to 
identify strategies to modify risk for necrotizing enterocolitis. Pediatr Res. 2020 Aug;88(Suppl 
1):41-47. doi: 10.1038/s41390-020-1079-z. PMID: 32855512. 

In Review 

**Gephart, S.M., Newnam, K., Weiss, A., Wyles, C. & Shea, K. Feasibility and Acceptability of a 
Neonatal Project ECHO as a Dissemination and Implementation Strategy to Prevent Necrotizing 
Enterocolitis. Worldviews in Evidence Based Nursing. (In review 12/20/2020). 

Media Dissemination 

Canvasser, J., Gephart, S., Underwood, M. & Umberger, E. (August 29, 2018). Necrotizing 
Enterocolitis and the Importance of Collaborative Care. 
https://www.youtube.com/watch?v=U7vD8v31zb0&feature=youtu.be The NEC Society and 
NEC-Zero at the University of Arizona. 591 views. 

Gephart, S., Slebodnik, M. & Wyles, C. (March 29, 2018). Fragile infants: Evidence-based 
resources to help parents and providers [webinar]. The University of Arizona College of Nursing. 
Archived at https://www.neczero.nursing.arizona.edu/healthcare-professionals/resources. 

Gephart, S., Slebodnik, M. & Wyles, C. (April 23, 2018). NEC-Zero evidence-based resources to 
prevent complications in fragile infants [webinar]. The University of Arizona College of Nursing. 
Archived at https://www.neczero.nursing.arizona.edu/healthcare-professionals/resources. 

Gephart, S. (April 4, 2018). Spreading information to prevent complications in fragile infants: the 
NEC-Zero Project. Southwest Telehealth Resource Center Blog. Available at 
https://southwesttrc.org/blog/2018/spreading-information-prevent-complications-fragile-infants-
nec-zero-project. 

Slebodnik, M., Gephart, S. and Wyles, C. (June 4, 2018). NNLM PSR Express Outreach Award 
Highlights: Reducing fatal complication of prematurity with NEC-Zero at the University of 
Arizona. Pacific Southwest Region of National Network of Libraries of Medicine Latitudes Blog. 
Available at https://news.nnlm.gov/psr-latitudes/nec-zero-project-outreach-award/. 

Products 

Gephart SM, Fry E. NEC-Zero Clinical Decision Support dashboard with associated workflow 
maps, logic diagrams, and use of standardized language to enable broad use. The source 
code for the work and the demonstration virtual machine for NEC-Zero CDS has been 
licensed under the Apache 2.0 open source license, the full text of which is available at 
www.apache.org/licenses/LICENSE-2.0. It is available for download in bitbucket or by 
contacting the principal investigator. 

https://www.youtube.com/watch?v=U7vD8v31zb0&feature=youtu.be
https://www.neczero.nursing.arizona.edu/healthcare-professionals/resources
https://www.neczero.nursing.arizona.edu/healthcare-professionals/resources
https://southwesttrc.org/blog/2018/spreading-information-prevent-complications-fragile-infants-nec-zero-project
https://southwesttrc.org/blog/2018/spreading-information-prevent-complications-fragile-infants-nec-zero-project
https://news.nnlm.gov/psr-latitudes/nec-zero-project-outreach-award/
www.apache.org/licenses/LICENSE-2.0


 
  

  

 

 

 

Gephart SM, Wyles C., Celaya D.  NEC-Zero Website. The University of Arizona College of 
Nursing. Accessed at https://neczero.nursing.arizona.edu/. Last updated December 2020. (See 
Figure 1 for usage) 

Gephart SM, Wyles C., Celaya D. NEC-Zero tools for parents in Spanish and English. The 
University of Arizona College of Nursing. Accessed at 
https://neczero.nursing.arizona.edu/parent-role 

Gephart SM, Wyles C., Celaya D. NEC-Zero resources for clinicians. The University of Arizona 
College of Nursing. Accessed at https://neczero.nursing.arizona.edu/health-professional-
resources 

https://neczero.nursing.arizona.edu/
https://neczero.nursing.arizona.edu/parent-role
https://neczero.nursing.arizona.edu/health-professional-resources
https://neczero.nursing.arizona.edu/health-professional-resources

	FINAL PROGRESS REPORT: Clinical decision support optimizing NEC prevention implementation in NICU    
	ABSTRACT: 
	KEY WORDS: 
	PURPOSE 
	SCOPE 
	METHODS 
	Study Design. 
	Data Sources/Collection. 
	Interventions. 
	Measures. 

	RESULTS 
	Principal Findings 
	Outcomes 
	Discussion 
	Conclusions 
	Significance 
	Implications 

	PUBLICATIONS AND PRODUCTS 
	Publications  
	In Review 
	Media Dissemination 
	Products 





